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[Patent Attorney] 

(57) [Abstract] 

[Means of Solution] Being a fiber which is formed su 
bstantially from poly trimethylene terephthalate, 
strengththe 3.5 g/d or greater and boiling water 
shrink ratio peak value of 13 to 15% and thermal 
stress peak terrperarureof 0.4 to 0.5 g/d and thermal 
stress relationship of elastic recovery ratio R(%) at time 
ofthe 160 to 180 °C , elastic modulus Q(g^d) and 20 
% elongation satisfies below-rrmionedFormula (1), 
polyester fiber which designates that peak temperature 
of loss tangent is thelOO to 120 °C as feature. 

0.20 QfR 0.45 * * * Formula ( 1) 

[EfTect(s)] Polyester fiber of this invention, when maki 
ng cloth, to show soft texture,because result of 
contraction, cl oth which is acqiriredshows stretch of 
10%, when bending elbow and knee andwhen 
extending arm, stressed feel is gone, becomes clothing 
where thewearing comfort is very good Therefore, 
quite it is useful in outer part , backing and sports 
or other application. 
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W13-15%, f&J£*Jtf)t:-^fiA<0. 4-0. 5 g/d 

, »«*<Dtr-9aa/i<i 6 0-1 8o°c, smssg ( g /d 

) i2 0%#fiie<D»ttlsl«*R (%) <DH«A<TE* (1) 
*9S£U ^^iE}f<Dtr-^;^gA<1 0 0-1 2 0°CT-fc3C 



20^Q/R^O. 45 



[Qaiml] Being a fiber which is formed substantially f 
romrx)ly trimethylene terephthalate, strengththe 3.5 
g'd or greater and boiling water shrink ratio peak 
value of 13 to 15% and thermal stress peak 
temperatureof 0.4 to 0.5 g/d and thermal stress 
relationship of elastic recovery ratio R(%) at time ofthe 
160 to 180 °C , elastic modulus Q(g^d) and 20 % . 
elongation satisfies bel ow-ment i onedFormul a ( 1 ), high 
heat stress polyester fiber which designates that peak 
temperature of loss tangent is thelOO to 120 °C as 
feature. 



(1) 



0.20 Q/R 0.45 



* Formula (1) 



IftWHOlttttttlSLm 
[000 1] 



[Description of the Invention] 
[0001] 

[Technological Field of Invention] As for this inventio 
n, furthermore as for details, to show soft texture 
inregard to poly trimethylene terephthalate fiber which 
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contraction of appropriate quantityoccurs at time of 
heat set, because result of contraction, the cloth which 
is acquired shows stretch of 10 %, whenbending 
elbow and knee and when extending arm, stressed 
feel is gone, regards poly trimethylene terephthalate 
fiber which can become clothing where wearing 
comfortis very good 

[0002] 

[Prior Art] Condensation polymerization doing lower a 
lcohol ester and trimethylene glycol ( 1 ,3 -propanediol) 
of terephthalic acid which isrepresented in terephthalic 
acid or dimethyl terephthalate, is acquired as for poly 
trimethylene terephthalate which, It is a epoch-making 
polymer which has performance which resembles to 
polyethylene terephthalate such asthe property and 
light resistance , heat set property , dimensional 
stability and lowrr»isturear^rptionwhicrreserrble 
to polyarride such as elastic recovery , low elastic 
modulus (soft texture) and ease of dyeing whichare 
superior, it utilizes feature and is applied to BC F 
carpet , the brush and tennis gut etc ( Japan 
Unexamined Patent Publication Hei 9 -3724 
disclosure , Japan Unexamined Patent Publication Hei 
8 -173244 disclosure and Japan Unexamined Patent 
Publication Hei 5 -262862 disclosure ). 

[0003] Furthermore, when poly trimethylene terephthal 
atefitoisdevelor^inclothir^itistrwught. When 
it uses for one for for example outer part, soft texture , 
from good quality ofthe heat set property and 
dimensional stability, it can make clothing where 
feeling on the skin isgpod On one hand, there are 
times when we want extension of 10 %in material, as 
demand for outer part. If there is a stretch of this 
extent, whenbending elbow and the knee and when 
extending arm, stressed feel is gone, becomes 
clothingwhere wearing comfort is very good But, it 
was not possible to grant that kind of stretch making 
use of thepoly trimethylene phthalate fiber of public 
knowledge. Of course, if soft segment like 
rx)lytetrarrethylene glycol in for example poly 
trimethylene terephthalate fiber is copolymerized,the 
stretch which is superior can be granted, but only 
coarse textureof rubbery it shows this kind of fiber, 
because in addition thedye fastness decreases 
considerably, this kind of copolymer fiber of thelOO % 
using cannot be used for outer part . 

[0004] These inventors discovered fact that extension 
of 10 % can begranted to cloth with production 
process of cloth, boiling water shrink ratio of namely, 
poly trimethylene terephthalate fiber, peak value and 
temperature of thermal stress by thefact that it sets to 
range where a certain specific quite islirrited, extension 
of 10% can be revealed with cloth. As for this 
phenorrenon, after forming, fiber crimp does 
clothmoderately by fact that it contracts, well in a 



ISTA's ConvertedKokai(tm), Version 1 .2 (There may be errors in the above translation ISTA cannot 
be held liable for any detriment fromitsuse. WWW: http://www.intlscience.com Tel: 800^430-5727) 



P.3 



JP 99107038 Machine Translation 



d&±, &f££<Dt:-2;£gA<1 5 0-1 7 0°CT*fc§^ Z 



[0005] «*tf % »ttHttttfc»ifc#U hlM^UVf- 
U7^U-h«iH^§a^*^r^^) (KIBBB5 2-5 3 2 09 

**lb*lTl*ftl**<» $fr*3g*<3 6 Om/m i n<t<g<* IE 

W* ^(b&MlzJ: tilt. KZijO It i *a>agtf*«W 



[0 0 0 6] #gBB25 2-8 1 2 3^4>$g(;:i*, *|JBlff**<0 
. 00 2 5 6t±<D*g#*Sl 4 0-2 1 0°C*rjfMl3I?-&* 0 

„ C(DXit(CfcL^Tt^li t Jite*iig^9 0 0m/'rn i n 



[0 0 0 7] ^IBK5 2-8 1 2 4^^fg(^li, ^'Jh'J/f 

tlTl^. LJ&*Lfc**b, C<D*itT-£ifsJ]*ifgrt<3 6 Om/ 
mi n«b{£<, »=S*5MI=te1 8 0 < te£tt3.5SgT?J»-fe y 

*ot 0 -^^gA<igt-?T^a^ifS$#^^g^is< fty, 

JHfc«0)fi!IHj&«£i:4. $#HBEfg5 8-1 04 2 1 6^fc«fcte 



[0008] 



manner of speakingbecomes I ike spring and depends 
on revealing suitable extension Although this kind 
of phenomenon is caused, as for necessary property 
value, asstipulated with this invention, boiling water 
shrink ratio 12 to 15% and thermal stress value 
thepeak temperature of 0.4 g^d or greater and thermal 
stress are 150 to 1 70 °C, but stability thetechnology 
which is produced with method has not been known 
this kind ofpoly trimethylene terephthalate fiber so far 
in industrially. 

[0005] Poly trimethylene terephthalate fiber which is su 
perior in for example elastic recovery is disclosed, ( 
Japan Unexamined Patent Publication Showa 52 -5320 
disclosure ). With this literature, what it is not touched 
concerning boiling water shrink ratio and thermal 
stressvalue etc, but spinning rate 360 nrtrin is low, 
when furthermore spinning temperatureis set to 265 °C 
and low, according to examination of the these 
inventors, peak value and temperature of thermal stress 
do not achieve goal valueof this invention 
Furthermore it states detailed data comparison, in 
Comparative Example. 

[0006] Production method of poly trimethylene terepht 
halate fiber where birefringence ratio heat treatment 
does unstretched fiber of the0.002 5 or greater to Japan 
Unexamined Patent Publication Showa 52 -8123 
disclosure , with 140 to 210 °C is disclosed 
Regarding this literature spinning rate 900 nVnin or 
less is low after all, furtherrnDrebecause spinning 
temperature is set to 265 °C and low, peak value and 
terrperarureof thermal stress do not achieve goal value 
of this invention. 

[0007] 2-stage is heated method which has been disclo 
sed drawn fiber ofthe poly trimethylene terephthalate 
fiber in Japan Unexamined Patent Publication Showa 
52 -8 124 disclosure . But, spinning rate 360 nVmin 
becomes low, furthermore as for finallywhen with 
temperature which exceeds 1 80 °C peak value of 
thermal stressbecomes low because heat set it has done 
simultaneously, peak temperature ofthe thermal stress 
being too high, temperature which contracts cloth 
higheven with this literature, yellowing or other 
problem occurs. Spinning it does poly trimethylene 
terephthalate to Japan Unexamined Patent Publication 
Showa 58 -104216 disclosure , with 2000 nVnin or 
greater,furthermore hot drawing does and method 
which obtains fiber isdisclosed But, with this method 
only preheating does and because heat set is 
notadrrinistered, strength and thermal stability are 
low, it becomes fiberwhere winding tightness is easy 
to happen 

[0008] 

[Problems to be Solved by the Invention] Problem of t 
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his invention, when making material, when bending 
thesoft texture and elbow and knee and when 
extending arm, is not astressed feel, it is to offer poly 
trimethylene terephthalate fiber which can become 
clothing where thewearing comfort is very good 

[0009] 

[Means to Solve the Problems] These inventors did dili 
gent research, as for result of examining to yarn- 
^irmir^detailedfrompolymerizationof polymer, 
discovering posabilitywhich can solve above- 
mentioned problem, furthermore as for theresult of 
repeating examination, arrived in this invention 
Namely as for this invention, being a fiber which is 
formed substantiallyfrompoly trimethylene 
terephthalate, strength 3.5 g/6 or greater and boiling 
water shrink ratio peak value of the 13 to 1 5 % and 
thermal stress peak temperature of 0.4 to 0.5 g/d and 
thermal stress relationshipof elastic recovery ratio R(%) 
at time of 160 to 180 °C , elastic modulus Q(gtt) and 
20 % elong^tionsatisfies below-mentioned Formula (1), 
it is a polyester fiber which designatesthat peak 
temperature of loss tangent is 100 to 120 °C as feature. 



O. 20^Q/R^O. 45 



(1 ) 



0.20 Q/R 0.45 



£ Formula (1) 
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[0010] Polymer which is used for this invention, subst 
ant i ally condensation polymerization doingthe 
terephthalic acid and 1, 3-propanediol, is poly 
trimethylene terephthalate which is acquired 
Regarding to this invention, substantially, even when 
being a poly trimethylene terephthalate homapolyrrer, 
itshows fact that it is possible to be a poly trimethylene 
terephthalate copolymer which it shows below. In 
range which does not impair effect of namely, this 
invention, isophthalic acid ,the succinic acid , adipic 
acid , 2,6 -naphthal enedi carboxyl i c acid , 5 -sulfo 
isophthalic acid terra butyl POS ja3 ja2 ^ A salt or 
other acid component andthe 1,4 -butanediol , 1,6 - 
hexanediol , cyclohexane dimethanol or other glycol 
component , -caprolactone , 4 -hydroxybenzoic 
acid, polyoxyethylene glycol andthe 
polytetramethylene glycol etc may be copolyrrerized 
under 10 wt%. 

[001 1] In addition, to poly rrirrEtrrylene terephthalate , 
according to need and various additive , or it 
ispossible to copolymerize nix for example matting 
agent, heat stabilizer , foam inhibitor , the bluing 
agent , flame retardant , antioxidant , ultraviolet 
absorber, infrared absorber , crystal nucleating agent 
and the fluorescent whitener etc. Besides it becomes 
possible, oligomer of trimethylene terephthalate 3 wt% 
or less beingincluded to be desirable in polymer 
which is used for this invention, toavoid strength 
decrease due to feather with this, guaranteeing 
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spinning stabilitywhich is necessary for industrially it 
is possible. Furthermore trirnethyiene terephthalate 
oligomer, also is possible to be oligomenvhere 
usually trirnethyiene terephthalate unit is connected 2 
to 4, be linear structureto be ring structure. When 
content of trirnethyiene terephthalate oligpmer exceeds 
3 wt%, when for example yarn-spinning it does,the 
oligomer precipitates to spinneret surroundings yarn 
break and feather happen Furthermore in order to 
do lengthy yam-spinning here, 1.5 wt% or less 
isdesirable, furthermore it is a preferably 1 wt% or less. 
. Furthermore, in point that, 0.5 wt% or less , 
furthermore preferably 0.3 wt% or less isdesirable, 
feather of fiber which is acquireddecreases, ideal is 
uncontained of course. 

[0012] Furthermore, it is desirable in polymer which is 
used for this inventionextension of more wiping cycle 
colors inside this range unless, for thecontent of 
organic substance of molecular weight 30 0 or below 
to be 1 wt% or less, performance that canbeguaranteed 
is superior in light resistance, orgpnic substance of 
molecular weight 30 0 or below referred to here is 
organic substance which is notcopolymerized in 
polymer. According to examination of these inventors, 
as organic substance of molecular weight 30 0 or 
below,the allyl alcohol , acrolein , 2 -butanol , 
hexanol , heptanol , glycidyl methyl ether andthe 
oxypropyl methyl ether etc exist, fact that total weight 
of these compound producesbig effect on moldability , 
product durability and weather resistance was 
discovered When content of organic substance of 
molecular wei^it 30 0 or below exceeds 1 wt%, when 
the for example yarn-spinning doing, it becomes 
something which yam break and feather becomeeasy, 
to occur are easy to color with light content of 
organic substance of preferably and molecular weight 
30 0 or below is 5000 ppmor less, is the particularly 
preferably and 1000 ppmor less. Of course, it is a 
uncontained in ideal . 

[0013] It is desirable to be a 227 °C or higher as melti 
ng point of polymer which is usedfor this invention. 
Here melting point, peak value of peak which is 
thought melting inrange of 220 to 250 °C it defines. 
When melting peak multiple it exists, (Also shoulder 
peak includes. ) designates peak of thelow temperature 
as melting point, melting point under 227 °C 
decrease of weather resistance becomes easy tohappea 
When for example one time poly trirnethyiene 
terephthalate is synthesized, polymer solid phase 
polymerization isdone with 200 °C extent, it can 
decrease oligomer amount largely. But, when solid 
phase polymerization is done, melting point of 
starting material polymer decreases the largely, 
becomes state which is not full even in 225 °C In 
this kind of polymer, trirnethyiene glycol doing, 
dimerization bis -3 -hydroxypropyl ether which 
isformed is copolymerized in large scale, result, 
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spinning stability and weather resistancewhere amount 
of carboxyl endgroups increases are easy to decrease. 
It is a 230 °C or higher as melting point of desirable 
polymer, furthermore is apreferably 233 °C or higher. 

[0014] Intrinsic viscosity [ ] of polymer which is use 
d for this invention 0.4 to 1 .5 isdesirable, furthermore 
it is a range of preferably 0.7 to 1.2. In this range, 
fiber wftch is superior in strength and spinning 
propertycan be acquired When intrinsic viscosity is 
under 0.4, because molecular weight of polymer istoo 
low, strength manifestation becomes difficult. When 
intrinsic viscosity exceeds 1.5 conversely, because 
because melt viscosityis too high melt fracture and 
yarn-spinning defect occur at time of yarn- 
spinriingthere is not a preferably. 

[0015] Desirable one example is listed as production m 
ethod of r^lyrner which is usedfor this invention, if is, 
terephthalic acid or dimethyl terephthalate is 
designated as thestarting material, trimethylene glycol 
metal acetate one, two kinds or more such as calcium 
acetate, magnesium acetate, zinc acetate , the cobalt 
acetate and manganese acetate 0.03 to 0. 1 wt% is 
added in this, under ambient pressure orunder 
pressurizing bis hydroxypropyl terephthalate is 
obtained with ester exchange ratio 90 to 98 %. This 
way in order to achieve object of this invention, it is 
dearableto use acetate of metal other than transition 
metal. 

[0016] Next, titanium tetra isopro t° oxide , 0.03 to 0 
. 1 5 wt% and preferably 0.03 to 0. 1 wt% it adds one, 
two kinds or more ofthe catalyst such as titanium tetra 
butoxide and antimony tri oxide, under vacuum reacts 
withthe 250 to 270 °C With optional step of 
polymerization, to insert thestabilizer before preferably 
condensation polymerization, whiteness of resin 
composition, it is desirable withthe viewpoint where 
poly trimethylene terephthalate oligomer and molecular 
weight can control organic substance amount of the30 
0 or below in certain amount. As stabilizer in this case, 
phosphorus compound and hindered phenol 
compound of pentavalent and/or trivalent aredesirable. 
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[0017] As phosphorus compound of pentavalent and/ 
or trivalent, you can list trimethyl phosphate , triethyl 
phosphate, the triburyl phosphate, triphenyl 
phosphate , trimethyl phosphite , triethyl phosphite , 
tributyl phosphite and triphenyl phosphite etc, 
especially, trimethyl phosphite is desirable, hindered 
phenol compound is phenol type derivative which has 
substituent which possesses geometric constraintin 
vicinal position of phenol type hydroxy group, it is a 
compound which possesses ester bond ofthe one or 
more in intramolecular. 

[0018] Concretely, it can illustrate pentaerythritol -tetra 

R7 



ISTA's CcmvertedKokai(trn), Version 1 .2 (There may be errors in the above translation ISTA cannot 
be held liable for any detriment from its use. WWW: http://www.intlscience.com TeI:800-430-5727) 



JP 99107038 Machine Translation 

[3 (3. 5 - v-tert^^;U-4- t KP + v^x-Jl) 7 
□ tft^-h] , 1, 1. 3-hY* (2-yfil/-4-tK 
P + v-S-tert-^JU^xxn,) 1. 3. 5-h 

M*^U-2. 4, 6-HJX (3, 5 - v-tert- 
4-t KP + v'OvJU) "C>-tf>. 3, 9 -t'X (2- [3 
- (3-tert-^;u-4-t KD*v-5-/f ;i/7x-;i/ 
) ^Phf^->u^-^rv] -1. l-v>^;ux^;H -2, 4 
, 8. 1 0-^ h^^+-9"XtfP [5, 5] ^>9i3> % 1, 
3. 5- h'JX (4-tert-^^;i/-3-t KP + v-2, 6 

tfX [3 (3-tert-^ : f;U-5->^;U-4-t Ka+v7 
i-iU ^Pfcf^-h] , 1. 6-^*^>v*--;u-tf;* 
[3- (3. 5-v-tert-^;U-4-t KP*v7xx;U 
) ^Ptf*-*-h] , 2, 2-ft-vxf U>-t*X [3 ( 
3. 5-v-tert^;U-4-t KP + v^x-;U) Zfutf* 
h] , 7^1,-3- (3, 5-v-tert-^^;U- 

4-t kd+v7i^) ^Dt°t^-n u^f^m^m^ 

o *T*t^>*X»JX>J h-JU-^f h5*X [3 (3, 5-v 
-tert^U-4-t Kp + v7xx;u) ^Pt^-h] 

[00 1 9] ±iBa>^;4T^t>tifc* 0 U-7-(zli % 
lc^-rt«f£8o 0 *S££ft*:t:X-3-t KPtv^Pt 
M/X-xJUD^fgteO. 1 w t%lUTT*fe&o fe*B£ 
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^3ffi*;U+C+v;U^§li1 0-3 5mg^S/k g<7)IESr*fe 
3<> ^0^^7K'jxX^;U«iK<7)^gl±3. 5g/dlU±T?fc 
S„ 3. 5 g/d^jST*!*, ^^3SAtt^{&TLfcy. 

g/d^Jt-efcSo 



[0020] ^0^<D7K'jxx^;u«if|(O^7XJlx^(i 1 3- 

£ 0 #$L<I*. 13. 5-14. 5%0>C3Bl?&d. 
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kis [3(3,5-di -tert butyl -4 -hydroxyphenyi) 
propionate], 1,1,3 -tris(2 -methyl-4 -hydroxy -5 -t- 
butyl phenyl) butane , 1,3,5 -trimelhyl -2,4,6 -tris (3,5- 
di -t-butyl -4 -hydroxy benzyl) benzene , the3,9 -bis 
{2 -[3 -{3 -t-butyl -4 -hydroxy -5 -nxthylphenyl) 
propionyi oxy] -1,1-di methyl ethyl} -2,4,8, 10-tetra 
oxa spiro [5,5] undecane , 13,5 -tris (4 -t-butyl -3 - 
hydroxy -2,6-di methyl benzene) isophthalic acid , 
triethyl glycol -bis [3(3 -t-butyl -5 -methyM - 
hydroxyphenyi) propionate], 1,6 -hexanediol -bis [3 - 
(3,5-di -t-butyl -4 -hydroxyphenyi) propionate], 2,2 - 
thicxli ethylene -bis [3(3,5-di -tert butyl -4 - 
hydroxyphenyi) propionate] and octadecyl -3 -(3,5-di - 
t-butyl A -hydroxyphenyi) propionate ] etc. 
pentaerythritol -tetrakis [3(3,5-di -tert butyl -4 - 
hydroxyphenyi) propionate] is desirable even among 
them 



[0019] It has property which is shown generally next i 
n polymer which isacquired with above-mentioned 
method content of bis -3 -hydroxy propyl ether 
which is c^lymerized is 0. 1 wt% or less. In addition, 
when hue is shown with b value, it is a 3 or less the 1 
0 or below, depending upon when. In addition, 
amount of carboxyl endgroups is rang? of 10 to 35 mg 
eqirivVkg. strength of polyester fiber of this 
invention is 3.5 gto or greater. Case where under 3.5 
g / d, durability of cloth decreasesjnakes weave or knit 
material feather becomes easy to happen with tension 
It is a preferably and a 4 ^d or greater. 

[0020] As for boiling water shrink ratio of polyester fib 
er of this invention it is necessary to be arange of 13 to 
15 %. As expressed with Prior Art, in order to grant 
suitable stretch to cloth,it is necessary to contract fiber, 
boiling water shrink ratio, when contracting fiber, is 
parameter which shows therelative ( shrinkage ratio ) 
which is contracted, it is possible to give suitable 
shrinkage ratio tothe cloth which is acquired in this 
range. Under 13 %, it is not possible to give that kind 
of contraction,when it exceeds 15 %, contraction being 
too large, handling withthe postprocessing becomes 
difficult. It is a range of preferably and 13.5 to 14.5 
%. 

[002 1] In addition, peak value of thermal stress of poly 
ester fiber of this invention is rangpof 0.4 to 0.5 g'd 
As for fiber which forms cloth in order because 
constraint isreceived, to cause contraction contraction 
force in order to overcome thisconstraint becomes 
necessary in (suitable stretchable is granted to cloth for 
sake of) . peak value of thermal stress becomes 
parameter which shows contraction force of thisfiber. 
Under 0.4 g/d contraction force being too small, it is 
not possible to cause sufficient contractioa When it 
exceeds 0.5 g'd, contraction force being too strong, 
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controlbecomesdiflQculttodo. It is a range of 
preferably and 0.45 to 0.5 g/d. In order to grant 
suitable stretchable to cloth which is made objective 
ofthe this invention, necessary shrinkage ratio , 
namely appropriate boiling water shrink ratio and 
inorder to reveal shrinkage ratio, both of peak value of 
power and the namely, appropriate thermal stress which 
overcome constraining force of cloth 
becomesnecessary. And, another important parameter 
is a peak temperature of thermal stress It is necessary 
for peak temperature of thermal stress of polyester fiber 
of this inventionto be 160 to 180 °C When by fact 
that thermal stress shows maximum with this 
temperature, theset temperature of cloth is set with this 
temperature range, cloth can be contractedin fully. 
Under 160 °C because temperature is too low, fiber 
structural change happens with temperature which 
when using extent which applies the iron is granted 
and dimensional stability decreases. When it is high 
in comparison with 180 °C but as for reasonobscurity 
according to examination of these inventors, peak 
value of the thermal stress stops showing 0.4 g/d or 
greater. It is a preferably and a 165 to 175 °C. 

[0022] It is necessary for elastic recovery ratio R{%) of 
elastic modulus QCg'd) of polyester fiber of this 
inventionand after 20 % elongation and after 1 minute 
leaving to satisfy thebelow-rrentioned Formula (1). 

0.18 QH 0.45 ***Forrnula(l) 

With QfB>0AS soft texture is not acquired because el 
astic modulus is toohigh, or or elastic recovery 
becomes insufficient, one time stress joins andthe fiber 
which it becomes deformed stops returning to origin, 
onlythe cloth where shape stability is bad can acquire. 
Conversely, region which becomes CVRO.20 because 
substance itdoes not exist, regarding to this invention, 
has designated 0. 1 8 asthe lower limit ofQ/R 
exemplary elastic modulus which can become range of 
Foirnula(l)israngeof25to40g/dusually, elastic 
recovery ratio becomes range of 80 to 99 %. 

[0023] With high strength polyester fiber of this inven 
tion, it is necessary for peak temperature (Below " 
Tmax" with you briefly describe. ) of theloss tangent 
which is sought from dynamic viscoelasticity 
measurement to be lOOto 120 °G Because Tmax 
corresponds to molecule density of noncrystalline part, 
molecule density ofthe extent noncrystalline part where 
this value becomes large becomes high Tmax under 
100 °C, molecule density of noncrystalline part being 
too Iow,cannot achieve necessary strength In addition, 
when Tmax it is high in comparison with 120 °C , 
orientation of noncrystalline part being too high, fiber 
becomes weakvis-a-vis compression and bending, 
feather becomes easy to occur. Being a preferably and 
al07toli5°C,it is 
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Because polyester fiber of this invention is thought of 
clothing application in prenise,the multifilament is 
desirable, as for total fineness as for 20 to 200d, 
preferably 30 to lOOdand single fiber fineness it is a 0. 
5to5danda preferably 1 to 3d in addition, as for 
cross section shape of fiber circle, triangle andthe 
other polygonal shape , there is not, restriction such as 
flat, Ltype, W type and dogbone shape, it is a 
center-filled fiber also and it is possible to be a hollow 
fiber. 

[0024] Below, yarn-spinning method where high stren 
gth polyester fiber of this invention is desirable is 
shown extrusion it is passir^ternperature-holding 
region of length 2 to 80 cm which is kept in 
theatrnospheric temperature of 30 to 200 °C which 
provides dissolving multifilament in spinneret directly 
belowfrom spinneret, after control ing sudden cooling, 
quench doing thisissolvingniiltifilarnent, it changes 
into solid rnultifilament, with 1000 to 2000 nVrrin 
takeup retracts undrawn nultifilament first in bobbin. 
Next, 3 to 1 0 times it winds undrawn rniltifilament 
which is acquired in theexcess heat roll which is heated 
to 40 to 60 °C with diameter 1 0 to 30 cm, drawingjt 
grantsheatof 140 to 150 °C after excess heat, yarn 
which is drawn after applying twist of theuntwisted or 
2 to 1000 T/m, with velocity of 500 to 1000 nVmin is 
retracted in thebobbia 

[0025] Regarding to this invention, when melt spirmin 
g doing polymer, spinning teirperature isthe 270 to 
290 °C, furthermore is range of preferably 270 to 280 
°C. spinning teirperature under 270 °C, is a 
tendency where strength which isrevealed becomes low. 
In addition, when spinning teirperature exceeds 290 
°C, thermal decomposition becomesextreme, colors 
yam which is acquired, stops showingthe strength 
and elongation which in addition it can be satisfied 

[0026] Concerning spinning rate of yam, it is a range 
of 1 000 to 2000 nYrrria spinning rate is superior 
under 1000 nYrrin, as for spinning stability, but 
besidesthe peak value of thermal stress does not 
become 0.4 gfd or greater, productivity 
decreaseslargely. In addition, when it exceeds 2000 
nVmin, before retracting, orientationand partial 
crystallization of noncrystalline part advance, because 
it is not possible toincrease draw ratio with drawing 
distance, orientation molecule it is notpossible, is 
difficult be able to reveal sufficient yarn strength to do. 
In addition, as for draw ratio at time of drawing, it 
cannot sayunconditionally because it depends on 
spiriting rate, but, usually 2 to 4-fold and preferably 
2.5 to 3. 5 times are good draw ratio with 2 times or 
less, orientation cannot do polymer in fullywith 
drawing, strength and elastic recovery ratio of yarn 
whichis acquired become low ones In addition with 4- 
fold or more feather stabilizing, cannot be extrerre,do 
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drawing. Furthermore usually it can measure with 
birefringence ratioconcernirig orientation of 
noncrystalline part due to change of thespinning rate,, 
but being a unstretched fiber of same birefringence ratio, 
when spinning temperature and thespinning rate differ, 
it shows fiber property which differs. Therefore, what 
stipulates property of unstretched fiber with 
birefringence ratio isnot meaning excessively, 
performance of unstretched fiber it is desirable withthe 
spinning temperature and spinning rate to distinguish. 
Therefore, regarding to this invention, case where you 
express theproduction method, you explained 
spinning temperature and spinning rate in importance. 

[0027] Passing temperature-holding region of length 2 
to 80 cm which is kept in atrrospheric temperature of 
30 to 200 °Cwhich quench does not do dissolving 
nultifilament which comes out ofthe spinneret at once, 
provides in spinneret directly below, after control ing 
suddencooling, quench doing this dissolving 
nultifilament, changing into thesolid nultifilament, 
quite it is desirable to offer to stretching process which 
continues. By fact that this tempmture-holding region 
is passed, polymer you control theformation of 
noncrystalline part which orientation is done in 
microscopic crystal, and thepolarity due to quench you 
can make amorphous structure which is easy to 
bedrawn with stretching process as a result, with this 
invention necessary strength ,the peak value of 
thermal stress, boiling water shrink ratio can achieve. 

[0028] Because poly tri methylene terephthalate has had 
much fast crystallization rate by comparison with 
thepolyester such as for example polyethylene 
terephthalate, feet that this kind of gradual cooling is 
done whencontroling formation of noncrystalline part 
which orientation is done is thequite effective method 
in microscopic crystal and polarity. Under 30 °C it 
becomes quench, becomes difficult to increasethe draw 
ratio. In addition, with 200 °C or higher yam break 
becomes easy to happen, temperature of this kind of 
ternperature-holding region 40 to 200 °C is desirable, 
furthermore itis a preferably 50 to 150 °C In addition, 
length of this temperature-holding region 5 to 80 cm is 
desirable,furthermore it is a range of preferably 10 to 50 
cm 

[0029] 3 to 10 times it winds in excess heat roll which 
is heated to 40 to 60 °C caseof drawing, grants heat to 
fiber, molecule becomes easy to move depending 
upon this thermal grant,stability it is possible without 
feather occurring to do drawing Thermal applicator 
which it uses roll is desirable, diameter ofthe roll 10 to 
30 cmis desirable. When thermal applicator where 
thermal pin or other diameter is short is used, powerto 
be easy to join being piled up with fact that 
unstretched fiber isbrittle, because feather comes out, 
there is not a preferably. Furthermore it is a thermal 
grant of preferably 50 to 55 °C. temperature of excess 
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( 1 ) SIHttS 



heat roll under 40 °C less than amount of heat, yarn 
breakcan occur frequently case of drawing, can 
continue and cannotacquire fiber. In addition when it 
exceeds 60 °C, because slipperiness of fiberfor 
drawing roll or other heated zone deteriorates single 
fiber break occurs frequently, featherbecomes easy to 
come out. Especially, when it exceeds 80 °C, besides 
it becomes yam ofthe fluffed, yarn break occurs 
frequently, tension which depends on thefiber entirety 
as result becomes insufficient, sufficient orientation 
stopscatching and elastic recovery ratio decreases. 

[0030] Heat treatment which is done with drawing proc 
ess 140 to 1 50 °C is desirable. Whenpeak 
terrperarure of thermal stress which is a one of major 
feature of thepolyester fiber of this invention with heat 
treatment of this range being 1 60 to 1 80 °C isachieved 
to surprising fact, because sirrultaneously, peak value 
of thermal stresscan be made high With for example 
polyethylene terephthalate, heat treatment terrperarure 
heat treatment terrperarure corresponds to peak valueof 
thermal stress usually, but in case of poly trimethylene 
terephthalate, when spinning condition wherethe this 
invention is desirable is applied, not increasing heat 
treatment temperature, it candesignate peak terrperarure 
ofthermalstressasl60tol80°C Asforreason 
which avoids fact that heat treatment it does, the feather 
to become easy to occur with high temperature in 
comparison withthe 150 °C, when retracting in pirn 
etc, be able to recognize thelittle single fiber break in 
side face, because yield with selection decreases 
Under 140 °C decrease and peak terrperarure of peak 
value of thermal stress areeasy to deviate from range of 
thisinventioa In addition, heat treatment terrperarure 
being 1 40 to 1 50 °C, because with relaxed state 
thefeather and yarn break are easy to occur, heat 
treatment it is desirable underthe tension to do. 
Above, desirable yarn-spinning method was explained, 
but application method of spinnirg rate, the spinning 
terrperarure and heat quite for first time polyester fiber 
of this invention canbe acquired by fact that it sets to 
narrow range. 

[0031] 

[Errbodirnent of invention] Below, listing Working E 
xarrple , etc more you explain this invention in detail, 
but until you say, this invention is not something 
wrrichislirritedbytheWorkir^Exarrple etc without. 
Furthermore it measured main measured value in 
Working Example with themethod below. 

(1) Intrinsic viscosity 

As for this intrinsic viscosity [ ] basis being attached 
to next pre-definedequation, it is a value which is 
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r of pre-defined equation is value which is divided 
withthe viscosity of above-mentioned solvent itself 
which measured viscosity withthe 35 °C of dilute 
solution of polyester polymer which is melted with o- 
chlorophenol ofthe purity 98% or more, with same 
temperature relative viscosity is sorrEthing which 
isdefined In addition C is solute weigjtf due to gram 
unit in theabove-mentioned solution 100 ml. 

[0032] (2) Loss tangent 

Making use of Qrientech Corporation (DB 69-607-355 
0) supplied Rheovihron, in dry air, with measurement 
frequency 1 10 Hz and rate of tenperature increase 5 
°C per minute ,the loss tangent (tan ), and dynamic 
modulus in each temperature were measured From 
result, loss tangent -temperature curve was sought, 
Tmax (°Q which is a peak temperature ofthe loss 
tangent on this curve was sought. 

(3) Melting point 

Making use of Seiko Instruments Inc. (DB 69-058-207 
7) supplied DSC, with heating rate of 20 °<7rrin it 
measured withnitrogen stream Shrimonaka of 1 00 
rri/rrrin Here, peak value of peak of melting was 
designated as melting point. 

[0033] (4) Quantification of FIT oligormr 

Narrowing polyester resin composition and polyester 
fiber which are done, 50 hours itextracted with 
chloroformmaking use of Soxhlet extractor, it 
showedwith weight % for sample which uses oligomer 
which is included inthe residue which is acquired 

(5) Structure determination of organic substance of mol 
ecular weight 30 0 or below quantification 

Organic substance of molecular weight 30 0 or below 
which from chloroform liquid which is acquired with 
the(4) is included in polyester resin composition and 
fiber was sought. You analyzed making use of gas 
chromatography which has capillary column, column 
which it uses used 2 kinds of silicon-based ami 
polyethylene glycol type. Concerning each 
component which it separates, making use of mass 
spectrum (GC -MS), themeasured weight drew up 
quantification line in structure determination , sought 
concentration for sanplewhich is used with ppm 

[0034] (6) Boiling water shrink ratio 
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[0035] (8) »*jE*a>e-$»S 

«ftJEtt (land) . fc*tftttt5W4*£aiSLfc. 



(9) S&Jfc*} 

ittl>i?Z7'J>yttB©KE-2SfflW; 9 t!H§MO. O 
[0036] CSttfiM. 2) T-U75r;uSv>^>U<t 1 . 3 

: 2<rj>^;w±-ett&<*K aiMsy**— 

(9:1) *xXf-;Kt»««tLT*DA, 
L 2 4 O^iXf^SUfiKSSJSittfc. ^btlfcxxf 
^X{S^)fI^^>x h5^h*vK*31lt*y V-ftOOO. 1 

-<z>«lH*&gtei. 6-efcofco t'j3"7-ft*o. iwt% 

T-fty* 1 3 0 0 fiiT<0« iftlli 3 3 0 p p m % jHlStt 
2 3 4tT*ofc. tt*li*W*lt,ft<, %3Htft*ofc Q C 

o>7Ky7-*ffl^r. an:*ttt*ftft-c7 5d/3 6 fo> 

HltSfMfcLfc. Si, *£tMfe®ffiH#r$tt£ffitt1-eo. 0 
2 0. 8liS«2-eO. O 1 6V&-oho B#aSI48 0 0m/ 
m i nfiSL, 1 OT/m0«y£#ltT/*->fC#$8lo 
fco ailfcttliailCsjcLfc. 



20 cm tr it did fiber, 10 rrin dampen It T f it followed t 
o theforrnula below in water which boiling is done 
and sought. Here, it is a length (U) after original 
length (L) and treatment. 

Boiling water shrink ratio =(L -U) X 100/L 
(7) Elastic recovery ratio 

It sought elastic recovery, as elastic recovery ratio whic 
h is acquired with thebelow-mentioned method With 
chuck spacing 20 cm you install fiber in tensile tester, 
to elongation 20 % theelongation do with drawing 
speed 20 cnVmin and 1 minute leave. After this, you 
reset to original length (L) again with same velocity, 
following displaced distance (residual elongation : U) 
of chuck with state where this time thestress catches to 
formula of reading and below, you sought. 

Elastic recovery ratio (%)=(L -V) X 1 00/L 

[0035] (8) Peak temperature of loss tangent 

Making use of Rheovibron of Oientech Corporation ( 
DB 69-607-3550) supplied, in dry air, with 
frequency 1 10 Hz andthe rate of temperature increase 
5 0 Cymin , loss tangent (tan ), and dynamic modulus 
in each temperature were measured From result, loss 
tangent -temperature curve was sought, Trmx which is 
a peak temperature ofthe loss tangent on this curve was 
sought. 

(9) Thermal stress 

KE -2 of Kanebo Ltd (DB 69-053-5489) engineering s 
upplied was used First overweight 0.05 g'd , it 
measured with heating rate 100 °C/nia 

[0036] (Working Example 1, 2) Dimethyl terephthalate 
and 1,3 -propanediol it added mixture (9 : 1) of 
calcium acetate and cobalt acetatewhich are suitable to 0. 
1 wt% of addition and theory amount of polymer 
with themole ratio of 1 :2 terrperature rise did gradually 
and transesterification coirpletedwith 240 °C as ester 
conversion catalyst. 0. 1 wt% of theory amount of 
polymer it added titanium terra butoxide in ester 
exchange product whichis acquired, 2 hours reacted 
with 270 °C. intrinsic viscosity of polymer which is 
acquired was 1 .6. oligomer amount was 0. 1 wt%, as 
for organic substance amount of molecular weight 30 
0 or below as for the330 ppm and melting point was 
234 °C As for yam-spinning there was not either a 
yarn break, there was not either a feather. Making use 
of this polymer, fiber of 75d/36f was drawn up with 
thespirming condition which is shown in Table 1 . 
Furthermore birefringence ratio of unstretched fiber 
with Working Example 1 was the0.016 with 0.020 
and Working Example 2. It locked drawing rate with 
800 nYirin, applied twist of 10 T/mandretracted in pirn. 
It showed fiber property in Table 1. 
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[0037] (j«a«ii-5) sgj6«i©*yv-im^r, 

75d/36 f 0>ag£flfc. ttftftft. «lttttttt9lf=$ 

2 0)*S#*«)tBJBtlr*f40. 030t?*ofc o 



[00 3 8] 



[0037] (Corrparative Exanple 1 to 5) Making use of p 
olymer of Working Exanple 1, fiber of 75d/36f 
wasacquired It showed spinning condition and 
fiber property in Table 1 . It could recognize feather 
mainly in pirn of Comparative Example 3, 4 andtheS. 
Especially, also yarn break happened concerning 
Comparative Example 4 and the5. Furthermore 
birefringence ratio of unstretched fiber of Comparative 
Example 2 was the0.030. 

[0038] 

[Table 1] 
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24 


80 
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[0039] (M:S0I6) iXf;HE»««tLtf*>fh 

/Co ffbftfcTKiJ**— flDt'Ja'7- gl*3. 5wt%T*aVJ* 
»**3 0 0JaTO#«ttfil*, 1 700ppm, »jfil*2 3 



[0 0 4 0] Ot«fl7) £mo- H,<D : ABL& 3 0°C kLtz&L 



[0039] (Comparative Example 6) Other than using titan 
iumtetra butoxide 0. 1 wt% as ester exchange catalyst, 
Working Example 1 was repeated oligomer amount 
of polymer which is acquired was 3.5 wt%, asfor 
organic substance amount of molecular weight 30 0 or 
below, as for 1700 ppm and melting point was 
the233 °C. yarn-spinning was done making use of 
this polymer, but white organic substanceprecipitated 
to spinneret face, it received influence and it 
couldrecognize those where feather occurs in endface of 
pirn, property was equal to Working Example 1 . 

[0040] (Comparative Exanple 7) Other than designatin 
g temperature of excess heat roll as 30 °C, 
thepolymerization * yarn-spinning was done with 
Working Example 1 and same method Case of 
drawing yarn break could occur frequently, could 
continueand could not acquire fiber. 

(Comparative Exanple 8) Other than designating tenpe 
rarure of excess heat roll as 85 °C, thepolymerization * 
yam-spinning was done with Working Example 1 and 
same method In order case of drawing yarn melt 
adhesion to do in hot roll,the single fiber break 
occurred frequently, fiber which is acquiredwas fluffed 
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sMLto sskj^iml e>^>^-$ffli>r, 20% 

rhA*i£ Lft/)<b* 1 7 50°C, 30»^Uir h £ff ofc& 
, *VD>ftJIXf^l/-3RSF2%ow f £JBL*T\ 
PH5. #»$iJ?f£T* 13 0U 6 0»|KB5Htkft»«ffil^T 
*feLfco *3fcU 1 7 0°C. 3 0&V7 7'(1-)\,'b 



[0042] 

ftox. 7^*-, gift, x*-»y*<offl^(za»r*fflr*a& 



[004 1 ] (Comparative Exanple 9) Other than designatin 
g temperature of hot plate as 200 °C, 
thepolyrnerization * yarn-spinning was done with 
Working Exanple 1 and same method fiber was cut 
off at place of hot plate, it was not possibleto do 
drawing. 

(Reference Exanple 1) Using fiber of Working Example 
1 for warp and weft yarn, it drewupthe plain weave. 
While doing 20 % width inserting making use of 
scouring and the pin tenter due to fixed method, after 
doing 1750 °C and 30 second preset , you 
dyedmaking use of Kayalon polyester blue 3RSF2 
%owf, under pH 5 and dispersant existence, 
makinguse of 130 °C and 6 0-irinute disperse dye. 
After dyeing, water washing it did, did final set with 
1 70 °C and the30 second cloth which is acquired 
showed soft texture, both warp and weftshowed 
stretch of 10%. On one hand, when similar cloth was 
drawn up making use of thefiber of Comparative 
Example 1, texture was good ones with soft, but 
boththe warp and weft stretch of 5 % it did stretch, it 
did not show. 

[0042] 

[Effects of the Invention] Polyester fiber of this inventi 
on, when making cloth, to show soft texture,because 
result of contraction, cloth which is acquiredshows 
stretch of 10%, when bending elbow and knee 
andwhen extending arm, stressed feel is gone, 
becomes clothing where thewearing comfort is very 
good Therefore, quite it is useful in outer part , 
backing and sports or other applicatioa 
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